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Influenza Virus

Causative agent of influenza

Infection can lead to:

pneumonia
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particles e sinus/ear Infection

worsening of
chronic conditions
(asthma, diabetes,
heart disease)

Death
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Presentation Notes
This virus was responsible for the outbreaks in Vietnam and Thailand in 2004. The virus was grown in eggs in a BSL4 containment facility and inactivated with beta-propiolactone. Virus particles were stained with sodium silicotungstate and viewed by transmission electron microscopy. Magnification is x240,000.
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the annual killer epidemic that won't go away.
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Influenza Virus Nomenclature

Neuraminidase

Hemagglutinin
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Antigenic shift and drift
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Antigenic shift

- Models for the Generation of Pandemic Influenza Virus
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Antigenic shift - the genetic change that enables a flu strain to
“hop"” from one animal species to another, including humans, is not
new to science - it is exactly this that brought the 1957 Asian flu
pandemic and the Hong Kong flu outbreak in 1968.

Here is a look at the three ways whereby antigenic shift can produce
new viral strains that our bodies have little or no defences against.

Without undergoing
genetic change, a bird
strain of Influenza A
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from a duck or other host
aquatic bird to an

intermediate Bird

host and then Influenza A
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The strain may
evolve to spread
from person to
person. If so,
a flu pandemic
could arise.

Human host

A person passes
a human strain
. of Influenza A
to the same
chicken
or pig.

A duck or other
aquatic bird
passes a bird strain
of Influenza A to an
immediate host such
as chicken or pig.

Bird influenza A
strain 9

Human Influenza A
. strain

Intermediate
host = pig

When the viruses infect the
same cell, the genes from
the bird strain mix with
genes from the human
strain to yield a new strain.
The new strain can spread
fram the intermediate host
to humans.

New influenza
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The Great Pandemic P

The Spanish flu pandemic of 1918 .~

It infected

500 million, people
across the world
and killed 50 to
100 million of
them - three to five
percent of the
world's population.



Over the past century, humanity has witnessed numerous
emergences of zoonoses - Influenza viruses account for
an important proportion of these deaths

West Nile virus HIV 2002-2003
>15,000 deaths in >30 million deaths SARS coronavirus
the Unit_ed States [ Ii?ideaths
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‘Spanish flu’ ‘Russian flu’ | ‘Avian flu'
H1N1 influenza H5N1 influenza HIN1 influenza

. >371 deaths >15,000 deaths
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‘Hong Kong flu’
H3N2 influenza H1IN1 influenza
~50 million deaths ~700,000 deaths
1957-1958 1999-2002 ‘Avian flu’
‘Asian flu"H2ZN2 influenza HAON2Z and H7N7 influenza H7N9 influenza
~100,000 deaths One death 44 deaths
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Haemagglutinin (HA) is a major determinant of the

pathogenicity of avian influenza viruses in poultry
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Post-translational proteolytic cleavage of the HA precursor molecule (HA0) into HA1 and HA2 subunits by host proteases generates a fusogenic domain at the amino terminus of HA2 (shown in grey), which mediates fusion between the viral envelope and the endosomal membrane. Therefore, proteolytic activation of the HA molecule is essential for viral infectivity. The HAs of low-pathogenicity avian influenza (LPAI) viruses do not contain a series of basic amino acid (RETR) at the protease cleavage site and are cleaved by proteases that are localized in respiratory and intestinal organs, resulting in mild localized infections. By contrast, the HAs of high-pathogenicity avian influenza (HPAI) viruses possess multiple basic amino acids at the cleavage site (RERRRKKR), which are cleaved by ubiquitous proteases in a wide range of organs, resulting in lethal systemic infection.
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Countries in which the H5N1 HPAI virus has been detected
in domesticated poultry and migratory wild birds
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(Source: Wild birds and Avian Influenza: An Introduction to Applied
Field Research and Disease Sampling Techniques. 2007.)



Sialic acid in the influenza receptor

Human host
receptor linked 0.2,6.
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Cell barrier slows bird flu's spread

among humans
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avian H5N1 virus to
dock with the cell.
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Although more than 100 people have been infected with the H5N1 avian influenza virus, mostly from close contact with infected poultry, the fact that the virus does not spread easily from its pioneering human hosts to other humans has been a biomedical puzzle.

Now, a study of cells in the human respiratory tract reveals a simple anatomical difference in the cells of the system that makes it difficult for the virus to jump from human to human.

The finding, reported today (March 22) in the journal Nature, is important because it demonstrates a requisite characteristic for the virus to equip itself to easily infect humans, the key development required for the virus to assume pandemic proportions.

The new report, by a research group led by UW-Madison virologist Yoshihiro Kawaoka, describes experiments using tissue from humans that showed that only cells deep within the respiratory system have the surface molecule or receptor that is the key that permits the avian flu virus to enter a cell.

Flu viruses, like many other types of viruses, require access to the cells of their hosts to effectively reproduce. If they cannot enter a cell, they are unable to make infectious particles that infect other cells - or other hosts.

"Our findings provide a rational explanation for why H5N1 viruses rarely infect and spread from human to human, although they can replicate efficiently in the lungs," the authors of the study write in the Nature report.

By looking at human tissues, Kawaoka's group noted that the cells in the upper portions of the respiratory system lacked the surface receptors that enable avian H5N1 virus to dock with the cell. Receptors are molecules on the surface of cells that act like a lock. A virus with a complementary binding molecule - the key - can use the surface receptor to gain access to the cell. Once inside, it can multiply and infect other cells.

"Deep in the respiratory system, (cell) receptors for avian viruses, including avian H5N1 viruses, are present," explains Kawaoka, who also holds an appointment at the University of Tokyo. "But these receptors are rare in the upper portion of the respiratory system. For the viruses to be transmitted efficiently, they have to multiply in the upper portion of the respiratory system so that they can be transmitted by coughing and sneezing."

The upshot of the new finding, says Kawaoka, a professor of pathobiological sciences at the UW-Madison School of Veterinary Medicine, is that existing strains of bird flu must undergo key genetic changes to become the type of flu pathogen most feared by biomedical scientists.

"No one knows whether the virus will evolve into a pandemic strain, but flu viruses constantly change," Kawaoka says. "Certainly, multiple mutations need to be accumulated for the H5N1 virus to become a pandemic strain."

The finding suggests that scientists and public health agencies worldwide may have more time to prepare for an eventual pandemic of avian influenza. Periodically, animal forms of influenza such as bird flu evolve to become highly contagious human pathogens.

Most scientists agree a pandemic of avian influenza will occur at some time. The worst-case scenario would be a form of influenza similar to the strain of 1918 that killed between 30 million and 50 million people globally.

The new work may also help scientists keep track of evolving strains of influenza and provide earlier warning of potential pandemics. For the H5N1 strain of flu virus to evolve to a pathogen easily transmissible from one human to another, changes need to occur in the virus' hemagglutinin surface protein - a molecule embedded in the virus membrane - to recognize human receptors, Kawaoka says.

"Mutations in the hemagglutinin for avian H5N1 viruses to recognize human receptors are needed for the virus to become a pandemic strain," Kawaoka explains.

Viruses isolated from humans infected with avian flu can thus be monitored in a way to provide more advance warning of a potential pandemic.

"Identification of H5N1 viruses with the ability to recognize human receptors would bring us one step closer to a pandemic strain," says Kawaoka. "Recognition of human receptors can serve as molecular markers for the pandemic potential of the isolates."

The new study was conducted in collaboration with Kyoko Shinya and Shinya Yamada of the University of Tokyo; Masahito Ebina of the Institute of Development, Aging and Cancer; Masao Ono of Tohoku University; and Noriyuki Kasai of the Institute for Animal Experimentation in Japan.



The H5N1 avian flu virus has infected and
killed hundreds of people, despite the
fact that, at the moment, the virus can’t
spread easily between people. It thus
only infects those working with infected
poultry.

The death toll could become much worse
if the virus gains the ability to infect in the
human upper respiratory tract and
becomes airborne!!!



Therapy/Prevention of Influenza

» Medications
- Requires use of drugs such as Tamiflu early
in the disease course
- All not uniformly effective against Influenza
Types A and B
- Can be costly
- Not all approved for children

»Vaccine (s)

»Handwashing!



Standard influenza vaccines:

Trivalent Inactivated Vaccine (TIV), intramuscular.

Influenza Vaccine Virus Strains for 2013-14:

> Trivalent vaccines will contain:

A/California/7/2009 (H1N1)-like virus,
A/Victoria/361/2011
B/Massachusetts/2/2012-like virus (Yamagata lineage).

» Quadrivalent vaccines, will contain, in addition:

B/Brisbane/60/2008-like virus (Victoria lineage)



Traditional production of influenza virus vaccine
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A flu vires contains sight gene segments. The goal is to combine
the desired HA and MNA genes from flu strain 1 with the six other genes
from flu strain 2, which grows well in eggs and is harmless in humans.
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Conventional Methods of
Influenza Vaccine Production

Egg propagation
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Time consuming, expensive and
iIncompatible with propagating High Path
avian influenza strains.
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Egg-Based Production of Influenza Vaccine

Technician Working on Egg-Based Production of Influenza Vaccine
Aventis Pasteur MSD/Getty Images
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One key step is to rapidly ramp up research related to the production of an effective vaccine, as the Department of Health and Human Services is doing. In addition to clinical research on the immunogenicity of influenza vaccines, urgent needs include basic research on the ecology and biology of influenzaviruses, studies of the epidemiologic role of various animal and bird species, and work on early interventions and risk assessment.2 Equally urgent is the development of cell-culture technology for production of vaccine that can replace our egg-based manufacturing process. Today, making the 300 million doses of influenza vaccine needed annually worldwide requires more than 350 million chicken eggs and six or more months; a cell-culture approach may produce much higher antigen yields and be faster. After such a process was developed, we would also need assured industrial capacity to produce sufficient vaccine for the world's population during the earliest days of an emerging pandemic.


Current Influenza Vaccines

> Safe

» Effectiveness is variable and depends on
multiple factors

» Formulated and standardized based on HA
content to induce virus neutralizing
antibodies

» Egg-based technologies limit rapid
response and surge capacity for pandemics



1 dose of Flu vaccine per fertile egg

Would need at least 60 million hens and
4 million roosters to produce enough
vaccine each year to immunize the world
population. This is about 20 to 30 times
the current global vaccine production
capacity.

Production of vaccine virus in tissue
culture cells poses almost as many
problems.



Cell-Culture—Based Production of Influenza Vaccine

Microcarriers with Vero cells are shown before (left) and after (right)
infection with influenza virus, Baxter Vaccine.



Live Attenuated Influenza Vaccine

FluMist

Nasal spray;
cold-adapted influenza
viruses propagated by
infection of cells in
culture and ¢
manufactured in eggs

Flu Mist Vaccine Credit: Medimmune

Vaccine induces neutralizing and mucosal
antibodies but the extent to which it induces
T-cell iImmunity is not yet known.



- Salmonella: Our Friend

Recombinant Attenuated Sa/lmonella Vaccine (RASV) Vector



We have now constructed three different
recombinant attenuated Salmonella vaccines
that can be grown in fermentors delivering
conserved M2e, NP-HA T-cell epitopes, and
a DNA vaccine encoding variable HA
antigens to protect humans and poultry
against diverse influenza viruses.

Our objective Is to induce long-lasting
Immunity to conserved influenza antigens as
well as to the annually variable hemagglutinin

(HA) antigens.



The RASV system for delivery of multiple
protective antigens to humans (and birds)

Influenza
vaccine

Cross reactive
immune response
(M2e, NP)

Protective
immune
response

M2e displayed NP delivered by
by a Woodchuck regulated delayed
core (WHc) particle lysis vector

DNA vaccine
(HA, NA)

B&T cells T & B cells



PYA4859 (DNA vaccine vector pYA4545
specifying influenza HA)
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The synthesis of EGFP from pYA4545 harboring
EGFP gene in Vero cell line

pYA3650-EGFP (original) pYA4545-EGFP (improved)
___________________________________________________________________________________________________________________________________________________________ S
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Transfection of 1 ug DNA vaccine plasmid. TO-PRO-3 iodide
(642/661) nucleus staining (Blue) and fluorescence of GFP (green)
were visualized 20 hours post-transfection using a confocal
microscope (Leica Microsystems Heidelberg GmbH, Objective 20 X).



Salmonella cell
lysing to release
DNA vaccine vector
encoding influenza
HA antigen to be

synthesized by cells
INn the iImmunized
human or avian
host
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